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Abstract
We conducted a quasi-experimental study and compared hand
hygiene behaviors at potential pathogen transmission events
among outpatient visitors (according to structured observations a
trained enumerator) before and after installation of 12 pedal-oper-
ated alcohol gel dispensers with behavioral nudges (signs attached
to the dispensers) at a tertiary hospital in southern Thailand during
the COVID-19 pandemic. The enumerator observed 243 events
during the pre-intervention period and 223 events during the post-
intervention period. Prevalence of hand hygiene was significantly
different between the pre-intervention and post-intervention peri-
ods (0 vs 24 events, or 0% vs 11%, respectively; p-value <0.001).
However, 21 of 24 hand hygiene events were of participants who
came from outside the observation area, used the dispensers, then
left. Nonetheless, the intervention might have helped to increase
access to hand hygiene materials and created opportunities for
hand hygiene among hospital visitors in general. 
Introduction
Tertiary health facilities are visited by a large number of out-
patients and visitors, many of whom may harbor respiratory dis-
eases including coronavirus disease 2019 (COVID-19).1 COVID-
19 can be prevented by frequently performing hand hygiene in
addition to physical distancing and wearing masks.2-4 However,
hand hygiene is inadequately practiced among healthcare staff.5-7
Scarce data exists on hand hygiene behavior of outpatients and
visitors at health facilities, but hand hygiene after respiratory fluid
contact is infrequent in the general population.8 Interventions to
increase hand hygiene behavior in hospital setting can contribute
to COVID-19 prevention. 
Behavioral nudges refer to changes in the physical environ-
ment or presence of physical cues to influence behaviors without
direct communication,3 which can affect behavioral drivers and
motivate behaviors.9,10 Installation of alcohol gel dispensers that
are easily noticeable can help to improve access and opportunities
for hand hygiene,10 and use of nudges can help to motivate behav-
iors. No previous study has assessed changes in hand hygiene
behavior in outpatient service areas before and after installation of
alcohol gel dispensers and nudges. In this study, we compared the
observed hand hygiene behaviors among outpatient visitors before
and after installation of pedal-operated alcohol gel dispensers with
behavioral nudges in outpatient service areas at a tertiary hospital
in southern Thailand in the context of the COVID-19 pandemic.
Design and Methods 
Study design and intervention
This was a hospital-based quasi-experimental (pre-interven-
tion vs post-intervention) study conducted at a tertiary hospital in
southern Thailand. The study sites at the hospital included: i) the
Internal Medicine Outpatient Department; ii) the Surgery
Outpatient Department; and iii) the Pharmacy. All study sites were
open to serve outpatients and visitors during the study period. The
intervention in our study included installation of a pedal-operated
alcohol gel dispensers with behavioral nudges (Figure 1). The
alcohol gel bottle was not fixed to the platform. However, the plat-
form could be adjusted to an appropriate distance to the top edge
to tightly fit the alcohol gel bottle. Each time the foot pedal is
pushed, the top edge would move down and press the beak of the
alcohol gel bottle, dispensing approximately 1 ml of alcohol gel.
Depending on the user and the hand-rub technique, approximately
1-2 pushes are required for a user to perform hand hygiene. 
The alcohol gel dispensers were ordered and donated by a sen-
ior management staff of the hospital upon being informed of the
study. The investigators designed behavioral nudge prototypes
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Significance for public health
This study compared hand hygiene behaviors after installation of pedal-operated alcohol gel dispensers compared to hand hygiene behaviors before the instal-
lation. Prevalence of observed hand hygiene was higher after installation compared to before installation, which suggested that the installation might have
eliminated some barriers to hand hygiene. However, use of the alcohol gel might not necessarily indicate proper hand disinfection, and the prevalence of hand
hygiene remained low, which highlighted the ongoing need to improve hand hygiene at potential pathogen transmission events (including transmission of
COVID-19) at health facilities. Future studies should aim to understand the reasons(s) for missed hand hygiene opportunities and consider incorporating inter-
ventions that have shown effectiveness in improving hand hygiene behaviors among healthcare workers, as well as materials from the World Health
Organization’s Guidelines on hand hygiene in health care. 










after review of the literature9,10and consultation with a graphic
designer who works in the same organization as the study investi-
gators, who then designed the prototype of the nudges. The inves-
tigators included the images of the prototypes in the pre-interven-
tion interview questionnaire and asked respondents about their
opinions on the design and interpretation of the nudges, as well as
their beliefs pertaining to COVID-19 transmission, prevention and
control based on the health belief model.11 On the last day of pre-
intervention data collection, the investigators summarized the
responses to the pre-intervention interview questionnaires, com-
municated the findings to the graphic designer, and discussed and
finalized the nudge images (such as the identification of healthcare
workers as the main actor to correct non-compliance to hand
hygiene, hence use of the image of a nurse with the message to
invite hand hygiene). The investigators then printed the nudge
images in color on 180gsm paper, laminated the print-outs and
attached the images to a plastic feature board and the alcohol gel
dispensers for durability using double-faced adhesive tape. The
investigators also printed the footprint images and attached them to
the body of the gel dispensers in a similar manner. We installed 4
alcohol gel dispensers per study site, or 12 alcohol gel dispensers
in total, at locations deemed to be most noticeable by patients and
visitors. At Internal Medicine Outpatient Department and Surgery
Outpatient Department, we installed the gel dispensers near the
blood pressure measurement areas and the patients’ waiting areas
in consultation with the nurses in the Department. At the
Pharmacy, we installed the gel dispensers near the columns
between the patients’ waiting area and the pharmacy windows. We
checked the dispensers after the end of service (approximately 5
pm) each day during the study period and replenish the alcohol gel
bottles that were more than half-empty. 
Enumerator training and data collection
Before we began pre-intervention data collection, we trained
three freelance research assistants from outside the hospital and the
university as enumerators. All enumerators were trained in ques-
tionnaire interview. One of the three enumerators was trained on
how to conduct structured observation with table-top exercises and
on-the-job training.  On each day of data collection, each enumer-
ator was randomly assigned to one of the three study sites. The
enumerator who was tasked with structured observation was
instructed to find a location where outpatients and visitors to the
site could be observed, at an adequate distance and in a surrepti-
tious manner to avoid reactivity, and record hand hygiene behav-
iors at all potential pathogen transmission events during the obser-
vation period using the KoboCollect application on Android
phone. We instructed the enumerator to record only the behaviors
of outpatients and visitors, i.e., people who were not wearing hos-
pital staff identification badges. The enumerator would open the
application on their phone and fill out an electronic questionnaire
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Table 1. Characteristics of observed outpatient visitors during the pre-intervention and post-intervention periods (before and after
installation of pedal-operated alcohol gel dispensers and behavioral nudges).
                                                                                                                       Pre-intervention             Post-intervention                  p-value*
                                                                                                                       (n=243 events)               (n=223 events)                          
Observed location                                                                                                                                                                                                                                                     
      General Medicine Outpatient Department                                                                              82 (33.7%)                                   70 (31.4%)                                      N/A
      Surgery Outpatient Department                                                                                                70 (28.8%)                                   77 (34.5%)                                          
      Pharmacy                                                                                                                                          91 (37.4%)                                   76 (34.1%)                                          
Age group of observed people (as estimated by the observer)                                                                                                                                                                    
      Preschooler (1-5 years)                                                                                                                 3 (1.2%)                                       3 (1.2%)                                        N/A
      Primary school age (6-12 years)                                                                                                   3 (1.2%)                                       4 (1.8%)                                            
      Secondary school age (13-17 years)                                                                                            3 (1.2%)                                       1 (0.4%)                                            
      Adult (18-59 years)                                                                                                                       127 (52.3%)                                 148 (66.4%)                                         
      Elderly (60 years and older)                                                                                                       107 (44.0%)                                  69 (30.9%)                                          
Sex of observed people (as assumed by the observer)                                                                                                                                                                                  
      Male                                                                                                                                                   86 (35.4%)                                   79 (35.4%)                                      N/A
      Female                                                                                                                                             157  (64.6%)                                 144 (64.6%)                                         
Potential pathogen transmission event                                                                                                                                                                                                               
      Respiratory fluid contact (coughing, sneezing, others)                                                         9 (3.7%)                                       5 (2.2%)                                       0.515
      Touching face with bare hands (eyes, nose, mouth, other parts of the face)                77 (31.7%)                                   52 (23.3%)                                     0.056
      Touching mask or face cover                                                                                                      116 (47.7%)                                 104 (46.6%)                                    0.885
      Eating or drinking                                                                                                                           41 (16.9%)                                   41 (18.4%)                                     0.759
Other events°                                                                                                                                          0 (0.0%)                                      21 (9.4%)                                     <0.001
      Hand hygiene behavior                                                                                                                                                                                                                                      
      Hands not washed                                                                                                                        243 (100.0%)                                199 (89.2%)                                  <0.001
      Hand(s) washed <20 seconds                                                                                                      0 (0.0%)                                      13 (5.8%)                                     <0.001
      Hand(s) washed ≥20 seconds                                                                                                      0 (0.0%)                                       9 (4.0%)                                       0.005
      Hand(s) washed, unsure regarding time                                                                                   0 (0.0%)                                       2 (0.9%)                                       0.441
      Location where hand hygiene was performed                                                                               N/A                                      (n=24 events)                                      
      Used own hand sanitizer tube                                                                                                           N/A                                            1 (4.2%)                                        N/A
      At the hospital-provided alcohol dispenser                                                                                   N/A                                            1 (4.2%)                                            
      At the installed pedal-operated alcohol dispenser                                                                      N/A                                          22 (91.7%)                                          
*As assessed by chi-square test of independence; °including hospital visitors who approached the alcohol dispensing unit from outside the observation area, obtain hand hygiene gel to wash their hands, then left
the observation area; N/A, not available. 










on the event that he or she had just observed. At the end of day
each day, the data on the phone were then uploaded to a secured
data hosting website, which the investigators could then download
and analyze. Potential pathogen transmission events included: 1)
respiratory fluid contact (coughing, sneezing, any other type of
contact with respiratory fluid such as feeding one’s children or
wiping their nose); 2) touching face with bare hands (touching the
eyes, nose, mouth, or other parts of the face); 3) touching one’s
mask or face cover; 4) eating or drinking. Enumerators were also
asked to record all observed hand hygiene behaviors that occurred
despite not being able to identify the pathogen transmission event
and record the event as “5) hand hygiene at other events”, includ-
ing hand hygiene by visitors from outside the enumerator’s field of
vision. If there were more than one events happening at the same
time, the enumerator was to make a mental note of the observed
events and enter the details of each event separately. For each
potential pathogen transmission event, the enumerator would
record whether the event was accompanied by hand hygiene
behavior. When hand hygiene behavior was observed, the enumer-
ator also recorded whether hand hygiene event lasted 20 seconds
or longer, and the location where hand hygiene was performed.
The enumerator conducted pre-intervention observations on
15-18 June 2020, we installed the alcohol gel dispensers and
nudges on 20-21 June 2020, and the enumerator conducted post-
intervention observations on 22-24 June 2020. Structured observa-
tions were made generally between 10:00 am to 2:30 pm. 
Results
The enumerator observed a total of 243 potential pathogen
transmission events in the pre-intervention period and 223 events
during the post-intervention period, most of which were act of
touching one’s mask or face cover (Table 1). Pre-intervention and
post-intervention events were similar to one another with regard to
the location where the event occurred and the sex ratio of individ-
uals observed. However, post-intervention observations included
fewer events involving elderly persons. Post-intervention observa-
tions also included fewer events involving touching face with bare
hands. The enumerator did not observe any hand hygiene at poten-
tial pathogen transmission during the pre-intervention period,
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Figure 1. Example of pedal-operated alcohol gel dispensers with
behavioral nudges (the sign at the top, on the stem, and at the
pedal). On the sign at the top, the text in blue says “Let’s wash
our hands”, the text in green says “Should do”, and the text in red
says “Should not do”. 
Table 2. Observed hand hygiene behaviors among outpatient visitors after installation of hand hygiene stations and behavioral nudges
by type of transmission events and location.
                                                                                                                                     Hands not     Hand(s)         Hand(s)            Hand(s) 
                                                                                                                                       washed     washed <20  washed ≥20  washed, unsure 
                                                                                                                                                            seconds         seconds       regarding time
Potential pathogen transmission event                                                                                                                                                   
Respiratory fluid contact (coughing, sneezing, others) (n=17 events)                                            17 (100.0%)         0 (0.0%)               0 (0.0%)                  0 (0.0%)
Touching face with bare hands (eyes, nose, mouth, other parts of the face) (n=52 events)      51 (98.1%)          1 (1.9%)               0 (0.0%)                  0 (0.0%)
Touching mask (n=104 events)                                                                                                                   103 (99.0%)         1 (1.0%)               0 (0.0%)                  0 (0.0%)
Eating or drinking (n=41 events)                                                                                                                 40 (97.6%)          1 (2.4%)               0 (0.0%)                  0 (0.0%)
Other events* (n=21 events)                                                                                                                         0 (0.0%)          10 (47.6%)            9 (42.9%)                 2 (9.5%)
Observed location                                                                                                                                                                                       
General Medicine Outpatient Department (n=70 events)                                                                    64 (91.4%)          3 (4.3%)               2 (2.9%)                  1 (1.4%)
Surgery Outpatient Department (n=77 events)                                                                                       73 (94.8%)          3 (3.9%)               1 (1.3%)                  0 (0.0%)
Pharmacy (n=76 events)                                                                                                                                62 (81.6%)          7 (9.2%)               6 (7.9%)                  1 (1.3%)
*Including hospital visitors who approached the alcohol dispensing unit from outside the observation area, obtain hand hygiene gel to wash their hands, then left the observation area.
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whereas there were 24 hand hygiene events during post-interven-
tion observations, of which 22 events happened at the installed
alcohol dispensers, and 9 events lasted 20 seconds or longer. 
More detailed analyses showed that 21 of 24 observed hand
hygiene events were of patients and visitors from outside the
observation area who used the dispensers to perform hand hygiene,
then left the observation area. During post-intervention observa-
tions, there was no hand hygiene after respiratory fluid contact,
and prevalence of hand hygiene after touching face with bare
hands, after touching mask, and before eating or drinking were all
between 1% to 3%. Hand hygiene was more commonly observed
at the pharmacy than at the outpatient departments (Table 2). 
Discussion
We investigated changes in hand hygiene behaviors according
to structured observations before and after installation of alcohol
gel dispensers with behavioral nudges in outpatient service areas at
a tertiary hospital amidst the COVID-19 pandemic in mid-June
2020 during weekdays. Although hand hygiene behaviors signifi-
cantly differed between the pre-intervention and post-intervention
periods, most of the observed hand hygiene events were not of vis-
itors within the observed areas, but other visitors who passed by
the installed dispensers and used the device to perform hand
hygiene. Furthermore, studies suggested that use of alcohol hand
rub may not necessarily indicate proper hand disinfection,12,13 thus
caveat is advised in the interpretation of the study findings. There
were 2 events involving alcohol gel dispenser use where the length
of hand hygiene was unknown. Future studies should consider bet-
ter observation protocols to avoid such missing information. The
overall prevalence of hand hygiene in this study was lower than
previous report in a high-income country,10 although in our study
the dispensers were placed within the waiting areas whereas in the
mentioned study the dispenser was placed at the entrance to an
ICU. 
During both the pre-intervention and post-intervention periods,
the study hospital also had alcohol hand sanitizers available for
visitors to use in addition to the alcohol gel at our dispensers.
These hand sanitizers were in white, non-labeled plastic bottles at
the nurses or pharmacists’ desks, which might be difficult for visi-
tors to notice or visitors might have felt uncertain about whether
they were allowed to use the hand sanitizers. Using the FOAM the-
oretical framework,14 we posit that installation of our dispensers,
which were noticeable in design with a sign that invited use for
hand hygiene, might have reduced these barriers and provided
opportunities and materials for hand hygiene among outpatients
and visitors in general. The observed difference in hand hygiene
prevalence may be of public health importance, given the non-neg-
ligible risk of nosocomial infection of COVID-191 and the impor-
tance of hand hygiene in reduction of COVID-19 transmission.15
The observed hand hygiene behavior after installation of the dis-
pensers and nudges also provided evidence regarding feasibility of
the use of such devices in healthcare setting in middle-income
countries. In that regard, we did not investigate the dispensing per-
formance of the pedal-operated dispensers, nor did we alter the
hand rub’s composition or other components, which could have
yielded higher dispenser usage.16 The devices used in this study
might have been less efficient and more prone to spraying than
other foot-operated devices currently available.
The low number of people performing hand hygiene seemed to
be inconsistent with the situation of COVID-19. The lack of hand
hygiene after respiratory fluid contact is concerning given the
mode of transmission of coronavirus.17 More effective intervention
is needed to motivate hand hygiene at potential pathogen transmis-
sion events. Social norms-based messages that emphasize possible
sanctions from healthcare workers can lead to resentment, thus
considerations for use of norms-based messages should be made
with care.18 Future studies should aim to understand the reason(s)
for missed hand hygiene opportunities (e.g., unfamiliarity with
alcohol gel, uncertainty regarding the permission to use dispensers,
lack of awareness of hand hygiene, social desirability to not use the
dispensers) and attempt to address them in subsequent iterations.
Interventions that had shown effect among hospital visitors and
healthcare workers, such as installation of additional inconspicu-
ous visual nudges,19 less detailed but more visible signs with
norms-based message10 could be considered. In addition, images
from the World Health Organization’s Guideline on Hand Hygiene
in Health Care pertaining to hand hygiene technique with alcohol-
based formulation20 should also be incorporated into future inter-
ventions in order to increase effectiveness in reducing pathogen
transmission.
Our study is one of the few intervention studies to assess
changes in hand hygiene behaviors before and after installation of
alcohol gel dispensers and nudges among outpatients and visitors
using structured observations. However, a number of limitations
should be taken into consideration. Firstly, it was not possible to
blind the enumerator to the intervention status. If the possibility of
observer bias was non-negligible, then the prevalence of hand
hygiene might have been under-estimated or over-estimated at pre-
intervention and post-intervention periods, respectively. Secondly,
at Internal Medicine Outpatient Department and Surgery
Outpatient Department, it was not possible to observe the entire
service area from a single location, and the enumerator was
allowed to move to gain the best view of the visitors. The conven-
ience-based relocations might have biased the findings from these
two locations. Thirdly, due to time and resources constraints, we
collected post-intervention only on 3 consecutive days after instal-
lation of the alcohol gel dispensers and nudges. The post-interven-
tion findings cannot be generalized beyond the time and setting of
the study. 
Conclusion
In conclusion, in this quasi-experimental study, we installed
pedal-operated alcohol gel dispensers with nudges designed
according to data and feedback provided by the potential target
population. There was no observed hand hygiene in the outpatient
service areas before the installation. After the installation, there
was a very small increase in prevalence of hand hygiene at poten-
tial pathogen transmission events in the target population, but there
was a notable increase in hand hygiene among those from outside
the field of observation who used the alcohol gel dispensers and
left. The findings suggested that the installation helped to increase
access to hand hygiene materials and opportunities for hand
hygiene, which in turn might have helped to reduce probability of
infection with COVID-19 and other respiratory diseases by
increasing overall hand hygiene. The findings also provided evi-
dence for feasibility of the use of alcohol gel dispensers with
nudges in hospital setting in middle-income countries.
Nonetheless, more effective intervention is needed to motivate
hand hygiene at potential pathogen transmission events.
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